Most ␣␤ T cells belong to one of the two lineages defined by the mutually exclusive expression of CD8 or CD4 coreceptors, which bind MHC class I and class II molecules, respectively. Because the binding of the coreceptors to MHC molecules stabilizes weak interactions between TCRs and peptide-MHC (pMHC) complexes, CD8
Most ␣␤ T cells belong to one of the two lineages defined by the mutually exclusive expression of CD8 or CD4 coreceptors, which bind MHC class I and class II molecules, respectively. Because the binding of the coreceptors to MHC molecules stabilizes weak interactions between TCRs and peptide-MHC (pMHC) complexes, CD8
ϩ T cells are MHC class I-restricted whereas CD4 ϩ T cells are MHC class II-restricted. The concordance of CD4 or CD8 lineage development with specificity for class I or II MHC is established during differentiation of CD4 ϩ CD8 ϩ double-positive (DP) thymocytes in the thymus by a process referred to as positive selection (4) . Whether a DP thymocyte differentiates into a CD4 ϩ or CD8 ϩ T cell depends on differences in TCR signaling as a result of interactions among TCR, coreceptors, and self-peptide-MHC (self-pMHC) complexes (5) (6) (7) (8) .
Many TCRs are known to interact not only with self-but also with foreign MHC molecules (alloreactivity). Among the bestdocumented examples is the recognition of different pMHC complexes by a TCR called 2C (9) . The 2C TCR was derived from a CD8 ϩ cytotoxic T lymphocyte (CTL) clone from an H-2 b mouse (BALB.B) that was injected with H-2 d cells (10, 11) . The 2C TCR reacts with L d in association with two overlapping peptides QL-SPFPFDL (QL9) and p2Ca derived from ␣-ketoglutarate dehydrogenase (10, 12, 13) . The 2C TCR is also alloreactive to K bm3 in association with the dEV8 peptide derived from NADHubiquinone oxoreductase (14, 15) . By constructing transgenic mice expressing the 2C TCR and crossing the TCR transgene onto different H-2 backgrounds, it was shown that the positive selecting MHC for the 2C T cells is K b (16, 17) . Among the naturally derived peptides recognized by the 2C TCR in association with L d and K bm3 , p2Ca and dEV8 bind weakly to K b and behave as weak agonists (18) . However, several strong agonist peptides have been identified in combinatorial libraries to associate with K b and activate the 2C T cells (19) . Among them, SIYRYYGL (SIY) has been extensively characterized. In addition to recognizing various peptides in association with MHC class I L d , K bm3 , and K b molecules, the 2C TCR was also shown recently to recognize a nonclassical class I molecule, leading to differentiation of CD8 ϩ T cells that home to the intestine during fetal and neonatal development (20) .
The ability of a given TCR to interact with multiple MHC molecules, especially both class I and class II, can have a significant influence on the development of CD4 versus CD8 T cells. For example, the HY TCR nominally recognizes class I D b for CD8 T cell development but also interacts with class II I-A b for CD4 T cell development (21) . Similarly, the HA and AND TCRs nominally interact with class II MHC for CD4 T cell development but also promote the development of CD8 T cells on either the RAG Ϫ/Ϫ or the CD4 Ϫ/Ϫ plus TCR␣ Ϫ/Ϫ background (22, 23) . The development of CD8 HA or AND transgenic T cells was shown to require the interaction of the TCRs with both class I and class II MHC molecules.
Further complicating CD4 and CD8 lineage differentiation is the possibility that a given T cell expresses two different TCRs. Although allelic exclusion at the TCR␤ locus is stringently enforced at the DNA rearrangement level, there is no apparent allelic exclusion during the TCR␣ rearrangement (24) (25) (26) . Some T cell lines have been shown to possess two functional TCR␣ rearrangements but to express only one TCR␣ polypeptide, indicating TCR␣ allelic exclusion at the transcription and͞or posttranscription levels (27) (28) (29) . However, Ϸ20% of T cells in humans and 10% of T cells in mice are estimated to express two TCR␣ chains, resulting in a significant fraction of T cells that express two TCRs (30) . When two TCR transgenes are introduced into the same mouse, individual T cells from the resulting transgenic mice can express two different TCRs, as in mice expressing the OT-1 and P14 TCRs (31) or AND and 3A9 TCRs (32) . Because DP thymocytes that express two TCRs are likely to recognize additional self-pMHC complexes, the presence of two TCRs could significantly affect CD4 versus CD8 lineage development. However, how the interactions of a single TCR with multiple MHC molecules and how multiple TCRs expressed by the same developing thymocyte affect CD4 versus CD8 lineage differentiation in the thymus have been examined to only a limited extent.
In our studies of CD8 ϩ T cells expressing the 2C TCR, we noticed that a high percentage of 2C TCR-transgenic mice harbor 2C ϩ T cells that are CD4 ϩ (CD8 Ϫ ), occasionally as many as 25-50% of total 2C T cells in spleen and lymph nodes. Here we show that these CD4 ϩ 2C T cells are generated through two different mechanisms. In the RAG Ϫ/Ϫ background, the CD4 ϩ 2C T cells are generated because they are positively selected by means of the 2C TCR by class II I-A b as well as class I K b molecules. In the RAG ϩ background, CD4 ϩ 2C T cells are generated because the T cells express other TCRs in addition to the 2C TCR. The findings demonstrate that the 2C TCR recognizes peptides in association with not only the class I L d , K bm3 , and K b and a yet-to-be identified nonclassical class I molecule but also the class II I-A b molecule. Our findings also show that the expression of two TCRs in a cell, TCR recognition of multiple MHC molecules, and the nonuniformity of TCR interactions with coreceptors and pMHC complexes in the thymus all contribute to the outcome of CD4 versus CD8 lineage development. mice), T cell development in the thymus is biased toward the CD8 lineage and most of the T cells in the periphery are CD8 ϩ ( Fig. 1  A and B) . Although a substantial fraction of 2C T cells in spleen and lymph nodes were CD4
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ϩ T cells, with frequencies in individual mice ranging from 0.5% to as high as Ϸ50% (Figs. 1B and 2B) . The CD4 ϩ 2C T cells were likely generated in the thymus because CD4 single-positive thymocytes were frequently detected in the thymus of 2C ϩ RAG Ϫ/Ϫ mice ( Fig. 1 A) . Similar to CD4 ϩ T cells in lymph nodes of B6 mice, the CD4 ϩ 2C T cells in 2C ϩ RAG Ϫ/Ϫ mice exhibited a naïve phenotype as indicated by the expression patterns of CD44, CD25, CD122, CD11a, and Ly6C (Fig. 1C) . However, different from CD4 ϩ T cells in B6 mice, which were CD45RB hi and HSA lo , the CD4 ϩ 2C T cells in 2C ϩ RAG Ϫ/Ϫ mice were CD45RB lo and HSA hi , resembling the phenotype of CD4 single-positive thymocytes (Fig. 1C and data not shown). Whether these differences are significant or merely the result of comparing a monoclonal population of T cells in 2C ϩ RAG Ϫ/Ϫ mice with a polyclonal population of T cells in B6 mice is not clear. It is clear, however, that the CD4 ϩ 2C T cells in the lymph nodes of 2C ϩ RAG Ϫ/Ϫ mice were not short-lived, immature T cells that somehow managed to migrate into the periphery; thus, when adoptively transferred into nonirradiated syngeneic RAG1 Ϫ/Ϫ mice, the CD4 ϩ 2C T cells persisted in the recipients for months and acquired a memory-like CD44 hi , CD45RB lo , CD122 ϩ , and Ly6C lo phenotype, similar to transferred CD8 ϩ 2C T cells ( Fig.  1 B and C and data not shown), indicating that they can undergo lymphopenia-induced development (33, 34) . Together, these findings show that mature CD4 ϩ 2C T cells can develop in RAG1 Ϫ/Ϫ mice that express a single 2C TCR known to be restricted by MHC class I. cient in MHC class II molecules, except for a low level of I-A␣͞I-E␤ heterodimer (35) . As shown in Fig. 2 mice.
To examine their functional properties, CD4 ϩ 2C T cells were purified from 2C ϩ RAG ϩ TAP Ϫ/Ϫ mice by cell sorting and then stimulated weekly with irradiated splenocytes from ␤2-microglobulin Ϫ/Ϫ mice in the presence of cytokines. In culture, the CD4 ϩ 2C T cells proliferated slowly but established a CD4 ϩ 2C T cell line. CTL activity of the CD4 ϩ 2C T cell line was compared with that of a CD8 ϩ 2C T cell clone, L3.100, by using SIY-labeled T2-K b target cells in a 6-h 51 Cr-release assay. As expected, L3.100 cells lysed SIY-pulsed T2-K b target cells effectively: At an effector-to-target cell ratio (E:T ratio) of 10:1 and SIY at 0.1 M, 85% of target cells were lysed (Fig. 5A) . In contrast, the CD4 ϩ 2C T cell line did not significantly lyse SIY-labeled T2-K b targets cells, even at an E:T ratio of 50:1 and a SIY concentration of 1 M, indicating that either the CD4 ϩ 2C T cell line did not possess much cytolytic activity and͞or coreceptor CD8 is required for lysis of the T2-K b target cells.
To distinguish between the two possibilities, QL9-labeled T2-L d cells were used as target cells because the QL9-L d complex can activate the 2C TCR independent of CD8, in contrast to SIY-K b , which requires CD8 coreceptor to activate 2C T cells (9) . As shown in Fig. 5A, L3 .100 cells lysed QL9-pulsed T2-L d target cells extremely effectively; i.e., lysis remained at a near maximal level (Ϸ85%) at an E:T ratio of 10:1 and 0.01 M QL9 peptide. Although the CD4 ϩ 2C T cell line exhibited significant lysis of QL9-labeled T2-L d target cells, its cytolytic activity was far lower than that of the L3.100 clone: Even at an E:T ratio of 50:1 and 1 M QL9 peptide, there was only Ϸ27% target cell lysis (Fig. 5A) . Thus, the CD4 ϩ 2C T cell line exhibited little cytolytic activity and resembled CD4 ϩ T cells in general. 4A) . To further test this hypothesis, we compared the extent of TCR down-regulation in the CD4 ϩ 2C T cell line and the CD8 ϩ 2C clone L3.100 after TCR ligation. To minimize a requirement for CD8, T cells were cultured overnight in the presence of T2-L d cells plus various amounts of the QL9 peptide, and the levels of 2C TCR, total TCR, and V␤8 (used by 2C TCR␤) were measured by flow cytometry by using antibodies specific for the 2C TCR, C␤, and V␤8, respectively. When measured with the 1B2 antibody, specific for the 2C TCR, both the CD4 ϩ 2C T cell line and L3.100 clone exhibited a QL9 dosage-dependent down-regulation of the 2C TCR (Fig. 5B Left) . Importantly, the extent of 2C TCR down-regulation was the same and nearly complete for both cell types.
Similarly, when measured with antibodies specific for the C␤ or the V␤8, both the CD4 ϩ 2C T cell line and L3.100 clone exhibited a QL9 dosage-dependent TCR down-regulation. However, whereas the TCR down-regulation was nearly complete with L3.100 cells, it was only Ϸ50% or less with the CD4 ϩ 2C T cell line (Fig. 5B Center and Right). To exclude any possible artifact due to the use of a cell line, we performed the same assay with freshly isolated CD4 ϩ 2C T cells from spleen and lymph nodes of 2C ϩ RAG ϩ TAP Ϫ/Ϫ mice. Down-regulation of the 2C TCR on primary CD4 ϩ 2C T cells was QL9 dosage-dependent and nearly complete when measured with 1B2 antibody (Fig. 5B Left) , whereas TCR down-regulation was Ϸ50% when measured with anti-V␤8. Together, these results strongly suggest that CD4 ϩ 2C T cells in 2C ϩ RAG ϩ TAP Ϫ/Ϫ mice express other TCRs in addition to the 2C TCR. Based on the incomplete down-regulation of V␤8, the other TCRs likely consist of the transgenic TCR␤ and endogenous TCR␣ chains and do not interact with the QL9-L d complexes.
Development of CD4 ؉ T Cells in OT-1 TCR-Transgenic Mice.
To extend the generality of the observations with the 2C TCR, we analyzed T cell development in transgenic mice expressing the OT-1 TCR in the absence of RAG1 and͞or TAP (on the H-2 b background). As with the 2C TCR, the OT-1 TCR is positively selected by MHC class I K b . Because there is no antibody specific for the OT-1 TCR, the OT-1 T cells were identified by anti-V␣2 antibody specific for the OT-1 TCR␣ chain. In Ͼ50 OT-1 ϩ RAG Ϫ/Ϫ TAP ϩ/ϩ mice analyzed, almost all V␣2 ϩ T cells were CD8 ϩ and only very few were CD4 ϩ or CD4 Ϫ CD8 Ϫ (Fig. 3B) . However, in two OT-
mice analyzed, of the V␣2 ϩ T cell population a large fraction were still CD8 ϩ , but the majority were CD4 Ϫ CD8 Ϫ , and a significantly higher percentage were CD4 ϩ than in OT-1 ϩ RAG Ϫ/Ϫ TAP ϩ/ϩ mice (2% versus 0.2%). Therefore, in the absence of TAP and positive selection mediated by K b , the OT-1 TCR probably has an increased probability of interacting with MHC class II, thereby leading to thymocyte differentiation into CD4 ϩ T cells. Most dramatically, Ϸ90% of V␣2 ϩ T cells in OT-1 ϩ RAG ϩ TAP Ϫ/Ϫ mice were CD4 ϩ (Fig. 3B) . The OT-1 TCR␤ chain has been shown to pair with TCR␣ chains that differ only in the CDR3 region to generate both CD4 ϩ and CD8 ϩ T cells in mice (36, 37) . Thus, rearrangement of endogenous TCR␣ genes in OT-1 ϩ RAG ϩ TAP Ϫ/Ϫ mice and expression of TCRs consisting of OT-1 TCR␤ and endogenous TCR␣ chains, in addition to the OT-1 TCR, likely have promoted the observed development of CD4 T cells in the absence of TAP.
Discussion
The 2C TCR Recognizes both Class I and Class II MHC Molecules. The 2C TCR has been shown to recognize syngeneic MHC class I K b (16, 17, 19) , allogeneic L d and K bm3 (10, (12) (13) (14) (15) , and a yet-to-be identified nonclassical class I molecule (20) . In this report, we show that the 2C TCR also recognizes the MHC class II I-A b for the development of CD4 ϩ 2C T cells (Figs. 1 and 2) . Similarly, the development of CD4 ϩ OT-1 T cells in OT-1 ϩ RAG Ϫ/Ϫ TAP Ϫ/Ϫ mice suggests that the OT-1 TCR also interacts with I-A b (Fig. 3B) . Thus, like AND, HA, and HY TCRs (21-23) , the 2C and OT-1 TCRs recognize peptides presented by both class I and class II MHC molecules. To determine whether these TCRs are unusual, we reviewed the literature for T cell development in TCRtransgenic mice that have been crossed onto the RAG Ϫ/Ϫ background. Among 24 TCR͞RAG transgenic lines that we found, both CD4 ϩ and CD8 ϩ single-positive T cells were reported in the thymus and͞or peripheral lymph organs in 22 lines (Table 1 , which is published as supporting information on the PNAS web site). In most of these transgenic lines development of T cells was usually biased to one lineage; however, in many lines the other lineage T cells were as abundant or only 2-to 3-fold fewer. Although the minor selecting MHC molecules have not been identified for most of these TCRs, these observations strengthen the view that the individual TCR can recognize diverse MHC molecules.
Recent studies suggest that, when only a limited set of self-pMHC complexes is available in the thymus for positive selection, the TCRs of the selected mature T cells are especially degenerate and tend to recognize both MHC class I and MHC class II as well as multiple foreign (allogeneic) MHC (38, 39) . The 2C TCR arose in a BALB.B (H2 b ) mouse (10, 11) . It is possible that in the BALB.B environment the set of self-peptides that binds to K b is not entirely congruent with the set that binds to K b in the B6 environment, but it is not obvious that the peptide-K b set in the BALB.B thymus would be unusually constricted. Moreover, the well known prevalence of allogeneic reactivity seen in polyclonal antivirus and other T cell responses (40, 41) suggests that the extensive reactivity of 2C TCR with diverse MHC molecules is not unusual. This feature is likely quite common based on the extremely high percentage of TCRs that are capable of promoting both CD4 ϩ and CD8 ϩ T cell development in RAG Ϫ/Ϫ background (Table 1) . There is little evidence to suggest that a TCR should be restricted by any particular MHC molecule (42) . The observed restriction by predominantly one MHC molecule for a given TCR likely arises from thymic selection with small but critical contributions of peptide(s) bound to that MHC. Taken together with the ability of a single TCR to recognize a large number of different peptides in association with the same MHC molecule (43) (44) (45) (46) , the ability of the same TCR to interact with multiple MHC molecules, including both class I and class II, reinforces the view that TCR recognition of peptide-MHC complexes can be highly degenerate. (Figs. 1 and 2 ). These CD4 ϩ 2C T cells are evidently positively selected by I-A b , because they were absent in 2C ϩ RAG Ϫ/Ϫ I-A bϪ/Ϫ mice. Interestingly, development of these CD4 ϩ 2C T cells also requires the TAP gene because they were absent in 2C ϩ RAG Ϫ/Ϫ TAP Ϫ/Ϫ mice (Fig. 3A) . In the absence of TAP, the levels of class I expression on the cell surface are dramatically reduced, impairing both TCR-class I and CD8-class I interactions. Although it is formally possible that CD8 and class I MHC molecules have to interact in order for CD4 T cells to develop, the absence of CD4 ϩ 2C T cells in 2C ϩ RAG Ϫ/Ϫ TAP Ϫ/Ϫ mice most likely results from the reduced interaction between the 2C TCR and the class I MHC (K b ) molecule. The requirement of both class I and class II MHC for the development of CD4 ϩ 2C T cells resembles the development of CD8 ϩ T cells in transgenic mice expressing the nominally MHC class II-restricted HA and AND TCRs (22, 23) . The difference is that, in case of the 2C TCR, most 2C T cells generated in the RAG Ϫ/Ϫ background are CD8 ϩ , and the development of CD4 ϩ 2C T cells requires positive selection by not only class II (I-A b ) but also class I. In the case of HA and AND TCRs, most T cells generated in the RAG Ϫ/Ϫ or CD4 Ϫ/Ϫ and TCR␣ Ϫ/Ϫ background are CD4 ϩ , and the development of CD8 ϩ T cells requires not only MHC class I but also MHC class II.
How is CD4 versus CD8 lineage commitment accomplished if both class I and class II MHC molecules are involved in positive selection? Although the precise mechanisms underlying the development of CD4 versus CD8 lineage T cells are still controversial, interactions among TCRs, coreceptors, and self-pMHC are critical for the outcome (4, 5, 7) . Recent studies suggest that the duration of TCR signaling may control CD4 versus CD8 lineage differentiation (47) . According to the kinetic signaling model (48) , upon the initial interaction among TCR, coreceptors, and pMHC, DP thymocytes down-regulate CD8 to become CD4 ϩ CD8 lo cells (49) . Transient TCR signaling in CD4 ϩ CD8 lo cells results in CD8 lineage differentiation, and persistent TCR signaling in CD4 ϩ CD8 lo cells results in CD4 lineage differentiation (47) . The requirement of both class I and class II MHC for the development of CD4 ϩ 2C T cells from a nominally class I-restricted TCR is consistent with this model. Perhaps 2C TCR interaction with some pMHC class II complexes, in addition to its interaction with pMHC class I complexes, might provide the sustained TCR signaling in CD4 ϩ CD8 lo cells required for CD4 ϩ 2C T cell development. However, this model does not explain the requirement of both class I and class II MHC for the development of CD8 ϩ HA and AND T cells from these nominally class II-restricted TCRs.
Our findings in 2C ϩ RAG Ϫ/Ϫ mice appear to provide a clue to this conundrum. In 2C ϩ RAG Ϫ/Ϫ mice, only a fraction of T cells develop into CD4 ϩ 2C T cells (0.5-50%), and only a fraction of the mice harbor the CD4 ϩ 2C T cells (Ϸ30%). Similarly, in the HA and AND TCR-transgenic (RAG Ϫ/Ϫ or TCR␣ Ϫ/Ϫ ) mice, only a fraction of T cells are CD8 ϩ , and the percentages of mice developing CD8 ϩ T cells were not reported (22, 23) . The variation among mice could result from background differences, although the 2C ϩ RAG Ϫ/Ϫ mice have been backcrossed onto the B6 background for 13 generations. That only a fraction of 2C T cells are CD4 ϩ in 2C ϩ RAG Ϫ/Ϫ mice suggests that not all developing DP thymocytes have equal access to I-A b . Variability in the pMHC complexes available at a given time or location in the thymus likely affects a thymocyte's development into a CD4 or CD8 T cell (50) . Thus, when, where, and how long TCR, coreceptors, and self-pMHC interact probably has a significant effect on CD4 versus CD8 lineage differentiation.
Development of CD4 ؉ 2C T Cells as a Consequence of Expression of
Additional TCR. In the 2C TCR-transgenic mice on the RAG ϩ background, large numbers of CD4 ϩ 2C ϩ T cells are generated (Fig. 4) , consistent with a previous report (51) . Two lines of evidence suggest that, because of the lack of TCR␣ allelic exclusion (25, 28), these T cells express two different TCRs. First, although the level of total TCR among CD4 ϩ , CD8 ϩ , and CD4 Ϫ CD8 Ϫ 2C T cells was similar, the CD4 ϩ 2C T cells had a lower level of the 2C TCR than did the other 2C T cells (Figs. 4 and 5 and data not shown), similar to other transgenic T cells that express two TCRs (52) . Second, after QL9-L d stimulation the 2C TCR was almost as completely down-regulated from CD4 ϩ 2C T cells (as from CD8 ϩ 2C T cells), but 50% of the TCR persisted when assayed with anti-C␤ or anti-V␤8 antibodies (Fig. 5) . The 2C TCR␤ utilizes the V␤8 gene segment (16) , and the fact that the persistent TCRs still react with anti-V␤8 (Fig. 5) suggests that the second TCR is composed of the transgenic TCR␤ and an endogenous TCR␣ chain. Some of these nontransgenic TCRs expressed on 2C T cells are likely positively selected by class II I-A b molecules and therefore promote the development of CD4 ϩ T cells. However, the precise nature of the 2C TCR-class I MHC interaction that contributes to the development of CD4 ϩ T cells in 2C ϩ RAG ϩ mice is unclear. The same mechanisms likely underlie the development of large numbers of CD4 ϩ OT-1 T cells in OT-1 ϩ RAG ϩ TAP Ϫ/Ϫ mice (Fig.  3B) , especially because the OT-1 TCR␤ chain is known to pair with different TCR␣ chains to generate both CD4 ϩ and CD8 ϩ T cells (36, 37) . Unlike these previous observations, however, the CD4 ϩ OT-1 T cells in OT-1 ϩ RAG ϩ TAP Ϫ/Ϫ mice likely express two TCRs: one consisting of the transgenic TCR␤ and transgenic TCR␣ chains and the other consisting of the transgenic TCR␤ and endogenous TCR␣ chains. In humans, Ϸ20% of T cells are estimated to express two TCRs, and in mice Ϸ10% of T cells express two TCRs (30) . Thus, the effect of expressing two TCRs in the same developing thymocyte could significantly affect its ultimate development into a CD4 or CD8 T cell.
Materials and Methods
Mice and Cell Lines. 2C TCR-transgenic mice on either the RAG1 Ϫ/Ϫ or RAG1 ϩ background were backcrossed onto C57BL͞6 background for 13 generations (33) . Similarly, OT-1 TCRtransgenic mice on either the RAG1 Ϫ/Ϫ or RAG1 ϩ background were backcrossed onto the B6 background for 10 generations. B6 mice and B6 mice deficient in I-A b , TAP, or ␤2-microglobulin were purchased from The Jackson Laboratory. RAG1 Ϫ/Ϫ mice, backcrossed with B6 mice for 13 generations, were used as adoptive transfer recipients. All mice were kept under specific pathogen-free facilities and used between 6 and 12 weeks of age. L3.100 is a CD8 ϩ CTL clone from a 2C TCR-transgenic mouse. Antibodies and Flow Cytometry Analysis. Antibodies to CD8, CD25, CD44, CD11a, CD45RB, HSA, CD28, Ly-6C, CD122, V␤8, and TCR␤ (C␤) were purchased as conjugates from BD Pharmingen. Clonotypic antibody 1B2, specific for the 2C TCR, was conjugated to biotin. Single-cell suspensions were prepared from thymus, lymph nodes, spleen, and peripheral blood mononuclear cells (PBMC). Red blood cells were lysed by treating splenocytes and PBMC with lysis buffer. Cells were stained in the presence of 2.5 g͞ml anti-FcR antibody in PBS containing 0.1% BSA and 0.1% NaN 3 and analyzed on a FACSCalibur. Analyses were carried out with CELLQUEST software.
Establishment of a CD4 ؉ 2C T Cell Line, T Cell Activation Assay, and CTL Assay. CD4 ϩ 2C T cells were isolated from lymph nodes and spleen of 2C ϩ RAG ϩ TAP Ϫ/Ϫ mice by cell sorting. The cells were then stimulated weekly with irradiated splenocytes from ␤2-microglobulin Ϫ/Ϫ mice in the presence of supernatants of Con A-stimulated rat splenocytes (a source of cytokines). To assay T cell activation, the resulting CD4 ϩ 2C T cell line and a CD8 ϩ 2C CTL clone were cultured at Ϸ5 ϫ 10 5 cells per ml at 37°C in the presence of QL9 peptide-loaded T2-L d cells. Twenty-four hours later, the levels of TCR on 2C T cells were measured by staining with antibodies specific for the 2C TCR, V␤8, or TCR␤. For CTL assays, the CD4 ϩ 2C T cell line or L3.100 clone were incubated for 6 h with 51 Cr-labeled T2-L d target cells in the presence of various concentrations of the QL9 peptide or with 51 Cr-labeled T2-K b target cells in the presence of various concentrations of the SIY peptide. Specific lysis was calculated as [(experimental counts Ϫ spontaneous counts)͞(total counts Ϫ spontaneous counts)] ϫ 100.
